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Abstract 
    DNA extraction automation is a major concern in molecular diagnostic where processing of numerous and daily 
samples of blood represent a labor-intensive task and are difficult to automate. With the rapid growth in the area of 
DNA diagnostics, there is an URGENT need for the development of a micro total analysis system which can do all 
the three main steps involved during nucleic acid-based diagnostics: sample preparation, extraction of the DNA, 
detection and quantification on one SINGLE chip. This work presents design, fabrication and testing of an integrated 
system, which can extract and electrochemically quantify DNA simultaneously from any unknown sample on one 
single chip. The system is fabricated using aluminum oxide membranes (AOM) as substrates for the extraction and 
quantification of DNA, bonded with the PDMS (Polydimethylsiloxane) block for providing the microfluidic inlet and 
outlet. Cost effective fabrication methods such as xurography (knife plotter) and soft lithography are used to obtain 
integrated hybrid fluidic and detector prototypes. 
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    Analysis of deoxyribonucleic acid (DNA) has become a very crucial and versatile tool for genetic 
diagnostics. The development and growth in the field of BIO-MEMS (Micro electrical mechanical 
systems) and microfluidics has revolutionized the capabilities of researchers in the area of genomics and 
clinical diagnostics. Currently, detection and quantification of DNA is usually done by fluorescence 
detection, which has become a widely used technique in both laboratory scale and high throughput 
genomic research [1]. However, electrochemical detection of DNA, when compared with optical 
detection such as that of fluorescence detection, offers remarkable advantages such as: high sensitivity 
and selectivity, low cost, portability, label-free DNA detection, low-power requirements and 
miniaturization [2]. Despite the substantial development in micro/ nano fabrication technologies, though, 
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there still exists the need for a microfluidic integrated system, which can provide extraction, detection and  
quantification of a genomic sample, like DNA, on one single chip. Nanoporous AOM’s have already 
shown great potential in the biological and medical fields [3]. Having already presented a successful 
demonstration of DNA extraction from lysed whole blood using these membranes [4], our research group 
here, in this particular work, is presenting a microfluidics-based, label-free, electrochemical DNA 
detection and quantification system based on aluminum oxide membrane. The use of electrochemical 
detection used in this system promises high sensitivity and selectivity, low cost, inherent miniaturization, 
portability and no use of classical photolithography techniques.  
 
Materials and methods 
 
    The main important factors, which were considered during the selection of the substrate material, were 
strength/stability, bonding capabilities with AOM’s and the effective cost. Considering all these reasons, 
completely etched PCB’s with a through hole of 3 mm were used as a substrate.  Commercially available 
aluminum oxide membranes distributed by Whatman, Inc., UK, were used as the surface for extraction 
and quantification of gDNA. These membranes are available in three nominal pore sizes of 20 nm, 100 
nm and 200 nm with three diameters: 13 mm, 25 mm, and 47 mm. Previous work from our lab has shown 
that the 100 nm pore size maximizes the DNA extraction rate [4]. As in this work an integrated DNA 
analysis system that can do extraction and quantification simultaneously is being fabricated, all the results 
were characterized using the 100 nm pore size membrane. During the pattering of these membranes, the 
fabrication of the channel on this membrane was the first most important part of the whole system, as it 
not only acts as the insulating spacer between the two electrodes but also defines the extraction and 
quantification area. Using a knife plotter (FC5100A-75, Graphtec Inc), a shadow mask with straight 
channels (with optimized channel width of 100 m) was cut on a Rubylith films and were attached to 
different membranes by electrostatic interactions between the Rubylith film and the AOM surface. Gold 
metal was sputtered at 90 W with a process pressure of 10mT for 10 minutes, which produced a layer 
with a thickness of 250 nm.  After the metal deposition was completed, then membranes were removed 
very carefully from the glass slides and the shadow mask was peeled off from the membranes. Patterned 
AOM was bonded over the drilled hole on the substrate using an adhesive. An important and crucial part 
of this system was integration of the patterned membranes with the microfluidics to fabricate inlet and 
outlet ports. This was achieved by attaching aluminum membranes with a PDMS tape, which was further 
bonded to a thick PDMS slab. Bonding thin wires with both the electrodes on the membrane, using a two 
component conductive silver epoxy, created the electrical connections. Figure 1 shows a cross-sectional 
and top view of the fabricated DNA extraction and quantification chip. 
              
Figure 1. Cross-section (a) and top (b) view of the fabricated DNA extraction and quantification chip. 
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Experimental 
 
    The experimental setup for the integrated DNA detector system characterization consists of 2 syringe 
pumps, sample injection units and a pressure gauge in addition to the integrated micro-system. The 
required DC supply to the detector system was provided by a source meter (Keithley 2400), which was 
also able to measure current, and resistance. The source meter was connected to the PC through a 
GPIBcard, and data was collected and then analyzed using LABVIEW software (version 8.5). The reason 
for involving the syringe pump (model 100, K-D Scientific) instead of a peristaltic pump is due to the 
requirement of a constant flow rate. All fluidic tubing and connectors were obtained from Upchurch 
Scientific. A 3ml and 1ml Becton-Dickinson plastic syringe was used to pass the buffer solution and 
gDNA of different concentrations. The detector system was characterized on the basis of three main key 
parameters: Concentration of the gDNA, applied voltage and corresponding current and the channel size 
between the electrodes. In order to know the detection limit and sensitivity of the system, the detector 
system was tested with different concentrations of gDNA. The initial concentration of gDNA sample was 
54ng/l, which was further diluted to 27ng/l, 13.5ng/l 10.1ng/l, 6.75ng/l and 3.2ng/l by addition of 
equal amounts of Tris EDTA (TE) buffer and 1% Triton X-100 solution. Triton X-100 agent in the buffer 
solution acts as a non-ionic surfactant, which makes the membrane dewetting simple and decreases flow 
resistance, which serves our purpose of decreasing the entire process time. Total sample volume was 400 
l, which includes: 200 l of gDNA sample with a known concentration, 100l of TE buffer and 100l of 
1% Triton X-100 solution.  
 
Results 
 
    For all the experiments, optimized flow rate of 7μl min-1, constant voltage of 2.5V and channel size of 
100μm between the electrodes were used. Different approaches with different experimental set up were 
applied to see the binding effect of DNA with the surface of aluminum oxide membranes. In the first 
approach, which was mainly carried out in two steps, only the buffer solution, which was the mixture of 
TE and Triton-X 100, was allowed to flow into the system for approximately 5-7 minutes followed by the 
injection of DNA sample into the system for about 10 minutes. Figure 2 (a) shows a graph which presents 
the measured detector response as a function of time for two different concentrations of gDNA i.e. 0ng/l, 
6.67ng/l. For the first two minutes only the gas was flowing in the tubing, while the buffer solution was 
approaching the membrane. When the buffer touches the membrane, one notices the electrochemical peak 
for all the runs, which is to be ignored. Once the buffer solution begins to pass smoothly through the 
AOM it is clear that the current saturates at 3.17 A and remains constant for the complete run (0ng/l). 
In the second case the buffer solution was passed for 5 minutes and then the DNA sample with a 
concentration of 6.67ng/l was injected into the buffer solution and passed through the system. For the 
first 5 minutes, the current remains fairly stable at 3.23 A and as the DNA starts binding with the surface 
of the AOM, we notice the linear increase in the current. After approximately 480 seconds, the current 
tends to saturate at a value of 10.5 A, which gives us an idea that most of the pores are blocked with 
gDNA. 
    From the graphs, we clearly deduce the increase in the current as soon as the DNA molecules were 
injected into the solution, the reason being the electrostatic interactions that occurs between the DNA and 
the surface of the AOM. In order to further validate these results, the next approach was taken, which 
further consists of three detailed steps. To begin with the first step, buffer solution was passed at a similar 
flow rate as had been done in the previous setup for about 2-3 minutes followed by the injection of DNA 
samples into the buffer solution for approximately 10 minutes. In the third step, buffer solution is again 
passed through the membrane without letting any DNA molecules into the system for 2-3 minutes. Now, 
if there is an increase in the current as a result of any salt concentration or any other particles, then the 
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current will tend to decrease to its saturation limit like for the results that had been obtained for the buffer 
solution before. If the current falls to the previous levels before DNA is injected, then it is proven that that 
there are no DNA molecules trapped on the surface of the membrane. However, if the current still remains 
at the same level after passing the buffer also, then it is established that the pores of the aluminium oxide 
membrane are blocked with the DNA molecules and the increase in the current is an outcome of the 
interaction of DNA molecules with the surface of the membrane (Figure 2 (b)). 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. (a) Graph with approach I; (b) Graph with approach II 
 
Conclusions 
 
    Characterization of the DNA extraction and quantification system was derived based on several 
parameters such as different concentrations of gDNA, voltage applied, flow rate and channel gap size 
between the electrodes. Two approaches with different experimental set up were applied to see the 
binding effect of DNA with the surface of aluminum oxide membranes. The change in the current was 
found to be linear with different concentrations of gDNA. Using these experimental plots, a calibration 
curve was obtained through which concentration and mass of gDNA in any unknown sample can be 
determined successfully.  This system thus provides us with several advantages such as the simultaneous 
extraction and quantification of gDNA, low detection limit of DNA (3.3ng/l), less sample volume 
(200l), high sensitivity and selectivity, low cost, small size, fast analysis time (less than 10 mins), 
portability and disposable chips and more yield in extracted DNA as compared to other quantification 
systems. Overall when implemented in the area of DNA analysis this system can prove to be highly 
functional and valuable. 
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